Maintenance of bilateral symmetry throughout animal development requires that both left and right halves of the body follow nearly identical patterns of cell proliferation, differentiation, death and migration. During formation of the perfectly bilateral Drosophila larval peripheral nervous system (PNS), the sensory precursor cells of the ventral multidendritic neuron vmd1a originating from each hemisegment migrate away from the ventral midline. Our observations indicate that in slit mutant embryos, as well as in robo, robo2 double mutants, sensory precursor cells of the left and right vmd1a neurons aberrantly cluster at the midline and then the pair of vmd1a neurons migrate to their final position on the same side of the embryo. This results in disruption of PNS bilateral symmetry. Expression of slit at the midline rescues the slit mutant vmd1a phenotype, suggesting that midline-secreted Slit activates Robo/Robo2 signalling to control the migration of the vmd1a sensory precursor cells. Our study indicates that midline-secreted Slit prevents vmd1a sensory cells from crossing the midline and thereby maintains PNS bilateral symmetry during development. q
Introduction
A striking feature of all Triploblastic animals is their bilateral symmetry. In unfertilized eggs or early embryos, formation of the anterior -posterior and dorsal -ventral body axes leads to the establishment of a bilateral symmetry. Then, throughout development, cell proliferation, differentiation, apoptosis and migration follow nearly identical patterns in the left and right halves of the developing organism, thus maintaining and further elaborating bilateral symmetry until reaching the complex bilateral symmetry of the adult body.
Cells located along the median plane of the animal, named midline cells, have been shown to participate in elaborating the animal bilateral symmetry during development. In particular, midline cells of the central nervous system (CNS) play an essential role in providing cues that enable cells and axons to make appropriate guidance decisions in a symmetrical manner relative to the midline in both ecdysozoa (such as nematode and fly) and vertebrates (reviewed in Hobert et al., 2002; Kaprielian et al., 2001; Tear, 1999) . In all species analysed thus far, CNS midline cells have been shown to secrete two guidance molecules, Netrin and Slit, that act as chemoattractant or chemorepellent-depending on cellular contexts-for cells, axons, and dendrites (reviewed in Dickson, 2002; TessierLavigne and Goodman, 1996) .
In Drosophila, midline glial cells secrete the Netrin-A and Netrin-B proteins that attract commissural axons toward the midline (Harris et al., 1996; Mitchell et al., 1996) . They also produce Slit, a large extracellular protein that signals through the Roundabout (Robo) family receptors, Robo, Robo2 and Robo3. Slit regulates many distinct processes in D. melanogaster (reviewed in Brose and Tessier-Lavigne, 2000; Wong et al., 2002) . As a short-range repellent signalling through Robo, Slit prevents ipsilateral neurons from crossing the midline and commissural axons from recrossing it (Battye et al., 1999; Kidd et al., 1999) . Slit also acts as a long-range repellent through Robo2 and Robo3 to position axons running parallel to the midline (Rajagopalan et al., 2000a,b; Simpson et al., 2000a,b) . In addition to its role in axonal pathfinding, Slit/Robo signaling regulates dendritic outgrowth of CNS neurons (Furrer et al., 2003) . Finally, Slit has been shown to orient cell migration or cell extensions away or towards the source of Slit in tissues other than CNS. For instance, midline secreted Slit directs muscle precursor cell migration away from the midline and later repels cytoplamic extensions of the muscle cells (Kidd et al., 1999; Kramer et al., 2001) .
The Drosophila larval peripheral nervous system (PNS) is composed of various types of sensory organs, including external sensory (es) organs, internal sensory organs and multidendritic (md) neurons. These sensory organs are patterned in a perfectly bilateral manner in each abdominal segment Ghysen et al., 1986) . Each sensory organ originates from a primary precursor (pI) cell that is singled out from a group of equipotent cells (Campos-Ortega and Hartenstein, 1997; Ghysen and Dambly, 1989) . Following its specification, each pI cell follows a series of asymmetric cell divisions to generate sensory cells (Bodmer et al., 1989; Orgogozo et al., 2001 Orgogozo et al., , 2002 . Sensory organ cells are generally produced at their final position. Therefore, the final pattern of sensory organs in the larva largely stems from the initial pattern of pI cells established at stages 11-12. One known exception is the lateral chordotonal organ lch5, whose sensory units migrate and rotate in a process dependent on the POU-domain gene ventral veinless (Inbal et al., 2003) . We show here that the pI cell located at position 1a, close to the CNS midline cells, produces progeny cells that migrate away from the midline. We investigate the role of the midline in this migration and show that midlinesecreted Slit prevents sensory cells from crossing the midline. Interestingly, the alteration of sensory cell migration we observed in the absence of Slit/Robo signalling results in the disruption of PNS bilateral symmetry. This shows that the Slit/Robo repulsive function at the midline is required to maintain PNS bilateral symmetry during development.
Results
2.1. The pIIa and pIIb cells at positions 1 and 1a, as well as their progeny cells, migrate away from the midline In each of the ventral region of abdominal segments A1 -7, five es organs are found symmetrically arranged in a semicircle on either side of the midline (Fig. 1A,B) . These are the ventral papilla (vp) vp1, vp2, vp3, vp4 and vp4a (Campos-Ortega and Hartenstein, 1997) . These five sensory organs are born roughly at their final position from single primary precursor cells (pI cells) located at positions 1-4a (Orgogozo et al., 2001; Fig. 1C) . In a previous study, we showed that each of these 1 -4a pI cells follows an md-es lineage and generates five distinct cells, the four es cells and one md neuron (Orgogozo et al., 2001 ; Fig. 1D ). While the vmd4a neuron remains closely associated with its sibling cells that form the vp4a es organ, the vmd1 -4 neurons migrate to cluster together at the center of the semicircle drawn by the vp1-4a es organs (Orgogozo et al., 2001) .
Another pI cell forms in the ventral region of abdominal segments A1 -7, at position 1a. This pI cell follows an md-solo lineage (Orgogozo et al., 2002; Fig. 1E) and produces only one md neuron called vmd1a. This neuron can be reliably identified using the transcription factor Collier (Col; Crozatier et al., 1996) . Indeed, Col accumulates only in three neurons in the abdominal PNS, vmd1a, vmd4a and the dorsal md neuron ddaC (M. Crozatier and A. Vincent, personal communication, Fig. 1A ,B). These three md neurons are the class IV md neurons (Grueber et al., 2002) .
At stage 11 and during stage 12, the pI cells at positions 1 and 1a as well as their progeny cells pIIa and pIIb lie close to the midline ( Fig. 2A -C) . However, in mature PNS at stage 16, their progeny cells-the vp1a es cells as well as the vmd1 and vmd1a neurons-are located away from the midline (Fig. 1A,B) , suggesting that these sensory cells migrate away from the midline between stage 12 and 16. Consistently, during stage 13, the distance between the midline and the sensory precursor cells at positions 1 and 1a increases (Fig. 2D) . Similarly, we found that the number of epidermal cells located between the midline and the sensory precursor cells at positions 1 and 1a increases from stage 12 to stage 13 (position 1: t-test, t 14;18 ¼ 6:6; P , 0:0001; position 2: t-test, t 18;31 ¼ 15:2; P , 0:0001; Fig. 3A -D,I-J). This latter increase is not due to epidermal cell divisions since we did not detect any dividing Phospho-Histone3-positive epidermal cell in this region during sensory precursor cell migration (n ¼ 100 hemisegments, data not shown; see also Campos-Ortega and Hartenstein, 1997) . This therefore suggests that sensory precursor cells actively migrate through the epithelium. Consistent with this model, we observed cytoplasmic processes that extend dorsally from sensory cell clusters at positions 1a (Fig. 2D ) and 1 (data not shown). Together, these data show that sensory precursor cells at positions 1 and 1a migrate through the epithelium away from the midline during PNS formation.
Loss and duplication of the vmd1a neuron in slit mutant embryos
To investigate the putative role of the midline-secreted proteins Slit and Netrins in regulating the migration of the sensory precursor cells at positions 1 and 1a away from the midline, we analysed the position of their mature progeny cells at stage 16 in embryos of the corresponding mutant backgrounds. No defect was detectable in netA, netB double mutant embryos (n ¼ 24 segments, data not shown), indicating that Netrins are not required for the migration of the sensory cells from positions 1 and 1a away from the midline. In slit 2 embryos, the vp1-4a es organs were correctly specified and positioned (n ¼ 66 segments, Fig. 4B -D) . However, the ventral md cluster was found to comprise a variable number of md neurons, ranging from 4 to 6 (one md neuron missing in 29% of the hemisegments (Fig. 4C) , one extra md neuron in 24% of the hemisegments, n ¼ 66; Fig. 4B ). Strikingly, the ventral md cluster (Blochlinger et al., 1990; Orgogozo et al., 2001; Orgogozo et al., 2002) . Elav is an RNA-binding protein that specifically accumulates in neurons (Robinow et al., 1988) . Cut, Elav and Col also accumulate in the CNS. The five vp1-4a es organs are arranged in a semicircle, in the center of which is found the ventral md cluster. The vmd1a and vmd4a neurons express all three markers and appear in light green. The ventral midline is represented as an horizontal dashed grey line in this and following figures. The vmd1a neuron is born from the asymmetric division of the pIIb cell in an md-solo lineage (Fig. 1E) . In this lineage, the sister cell of the md neuron is a cell fated to undergo apoptosis (Fig. 1E ). This led us to hypothesize that the slit mutant phenotype might result from defects in asymmetry of the pIIb cell division, which would generate two daughter cells adopting the same fate, either a vmd1a neuron or an apoptotic fate. The resulting duplication or loss of the vmd1a neuron would therefore account for the observed slit phenotype. Consistent with this hypothesis, Slit was recently shown to be required to establish cell fate asymmetry in the lineages of the Ganglion Mother Cells GMC-1 and GMC-1a (Mehta and Bhat, 2001) . We therefore analysed the segregation of the cell fate determinant Prospero (Pros; Hirata et al., 1995; Knoblich et al., 1995; Spana and Doe, 1995) during the pIIb cell division of the vmd1a lineage. As in wild-type embryos (Orgogozo et al., 2002) , Pros is always unequally partitioned at telophase in slit mutant embryos (n ¼ 22; data not shown). Moreover, the lineage followed by the pI cell at the position 1a is identical to the one seen in wild-type embryos (data not shown, see also Fig. 3G ,G 0 ). This indicates that the variation in number of vmd1a neurons is not due to a defect in pIIb asymmetry.
A second hypothesis was that the vmd1a neuron, or one of its precursor cells, has the ability to cross the midline in slit mutant embryos, leading to the presence of two vmd1a neurons on one side and no vmd1a neuron on the other side of the embryo. We tested this hypothesis by counting the number of Col-positive vmd1a neurons on each side of slit embryos. Interestingly, whenever two Col-positive vmd1a neurons were observed in one hemisegment, no Col-positive vmd1a neuron was detected in the contralateral hemisegment (n ¼ 16; Table 1 ). This correlation strongly suggests that the vmd1a neuron or one of its precursor cells can cross the midline in slit mutant embryo.
We note, however, that in three segments, the loss of vmd1a in one hemisegment does not correlate with its duplication in the contralateral hemisegment and is instead associated with the presence of a single vmd1a neuron in the opposite hemisegment (Table 1) . In these segments, we detected an ectopic neuron stained for Cut, Col and Elav at the midline that was clearly different from Cut-, Elav-and Col-positive CNS neurons (Crozatier et al., 1996) because it localized subepidermally at the surface of the CNS (data not shown). This neuron probably corresponds to the missing vmd1a neuron, suggesting that in these three cases the vmd1a neuron did not migrate away but instead remained at the midline.
Together, these observations suggest that the vmd1a neuron or one of its precursor cells is able to cross the midline in the absence of slit function and that slit is required to prevent midline crossing.
slit prevents sensory precursor cells from crossing the midline
To directly test whether the loss and duplication of the vmd1a neuron seen in slit mutant embryos is due to an aberrant migration across the midline, we monitored the position of the vmd1a neuron and its precursor cells in wild-type and in slit mutant embryos. In wild-type embryos, , robo2 X123 double mutant phenotype is that the sli 2 allele, although considered as a null, does not totally disrupt slit function. Consistently, other sli alleles have been shown to produce more severe CNS defects (Battye et al., 2001 ). a A single segment (out of 33) containing one Col-positive neuron in a ventral md cluster and two Col-positive neurons in the contralateral cluster was scored together with phenotypically wild-type segments. Since this rare phenotype was observed in wild-type embryos, we suggest that this reflects rare variations in the vmd1a lineage. the vmd1a pI cell was first detected at stage 11. At this stage, the vmd1a pI cell appeared to be separated from the midline by one epidermal cell (Fig. 3A,B) . The distance between the midline and the sensory cells gradually increased to reach about three cell diameters at a stage when the pIIb cell has divided (Fig. 3C -D,I ). In slit mutant embryos, the vmd1a pI cell was initially separated from the midline by a single epidermal cell, like in wild-type embryos (Fig. 3E,F,I) . However, at a later stage, the vmd1a pIIb cells from both sides were seen to cluster at the midline in 87% of the segments (n ¼ 31; Fig. 3G,I ) and later, their progeny cells were often seen to migrate together away from the midline in the same hemisegment (35%; n ¼ 23 segments, Fig. 3H ). Thus, these data show that the vmd1a neuron is indeed able to cross the midline in the absence of slit function. Furthermore, it is worth noticing that the vmd1a neuron appears to reach the ventral md cluster in most slit hemisegments (95%, n ¼ 66; Table 1 ). This indicates that slit is not required for the migration of the vmd1a neuron away from the midline.
Based on these results, we conclude that the correlated loss and duplication of the vmd1a neuron observed in slit mutant is a consequence of the aberrant migration of the vmd1a neuron and of its precursor cells towards and across the midline. Our data therefore show that slit prevents vmd1a sensory cells from crossing the midline.
2.4. The difference in cell migration between positions 1 and 1a in slit mutant is not due to apoptosis in the vmd1a lineage Strikingly, whereas sensory cells from positions 1 and 1a migrate similarly away from the midline in wild-type embryos, no significant defect is observed in sensory cell migration at position 1 in slit mutant embryos (late stage 12: t-test, t 14;23 ¼ 1:4; P . 0:1; early stage 13: t-test, t 18;22 ¼ 1:8; P . 0:07; Fig. 3A -J) . At position 1a, the pIIa cell undergoes apoptosis (md-solo lineage, Fig. 1E ) while at position 1 it divides and produces the socket and shaft cells (md-es lineage, Fig. 1D ). To investigate whether apoptosis of the pIIa cell influences sensory cell migration, we analysed migration of the vmd1a neuron in slit Df(1)H99 double mutants. In Df(1)H99 mutant embryos, no apoptosis occur during embryogenesis (White et al., 1994) and the vmd1a lineage appears to be transformed into an md-es lineage (Orgogozo et al., 2002) . We found that the vmd1a neuron was able to cross the midline in slit Df(1)H99 double mutant as in slit mutant embryos (Table 1 , n ¼ 19 segments, no significant difference between sli 2 Df(1)H99 and sli 2 phenotypes ðx 2 test, x 2 3 ¼ 1:77; P . 0:2)). We also observed that, in 8% of slit Df(1)H99 double mutant hemisegments ðn ¼ 38Þ; the vmd1a sibling cells that are rescued from death crossed the midline (data not shown). We conclude that the difference in sensory cell migration at positions 1 and 1a in slit mutant is not due to apoptosis in the vmd1a lineage.
Midline-secreted slit acts on sensory cells through Robo and Robo2
To test whether the slit vmd1a phenotype is indeed caused by the absence of midline-secreted Slit, we analysed slit 2 embryos specifically expressing slit in ventral midline cells using sim-GAL4 and UAS-slit constructs. As in wildtype embryos, a single Col-positive vmd1a neuron was observed in each hemisegment of slit 2 sim-GAL4 UAS-slit embryos at stage 16 (n ¼ 33 segments, Fig. 4D Slit is the ligand for receptors of the Robo family. The D. melanogaster genome encodes three Robo receptor family members: Robo, Robo2, Robo3. These three receptors are known to accumulate on specific longitudinally projecting growth cones and axons at stages 11-16 (Kidd et al., 1998a, b; Rajagopalan et al., 2000a,b) . In addition, epidermal cells have been shown to accumulate low levels of Robo (Kidd et al., 1998a,b) . Here, we confirm and extend these findings by showing that both Robo and Robo2 accumulate in epidermal cells, including the ventral sensory precursor cells (Fig. 5A -B) . Cortical Robo and Robo2 staining is detected from stage 11, when pI cells appear, to stage 14, when md neurons end their migration (Fig. 5A -B and data not shown). No such Robo or Robo2 accumulation pattern was observed in the respective robo and robo2 mutants (data not shown). In contrast, Robo3 was not detected in the ventral epithelium at stages 11 -16 (data not shown). These expression data suggest that Robo and Robo2 may mediate slit function on sensory cell migration in the ventral epidermis.
To test this hypothesis, we analysed the phenotypes of robo, robo2, robo3 single and double mutant embryos. In robo GA285 and robo2 X123 single mutants and in robo GA285 , robo3 1 double mutants, a single Col-positive vmd1a neuron was detected in each hemisegment (Table 1) . However, robo GA285 , robo2 X123 double mutant embryos showed a phenotype similar to the one seen in slit mutant embryos. In 21% of the segments ðn ¼ 33Þ; a vmd1a neuron loss was associated with a vmd1a neuron duplication in the contralateral hemisegment (Table 1) . Also, in 36% of the segments, some Col-positive vmd1a neurons were missing from the ventral md clusters ( Table 1) . As in slit mutant embryos, Cut-, Col-and Elav-positive neurons, which probably correspond to vmd1a neurons, were observed at the surface of the CNS in most segments (n ¼ 11=12; data not shown). This suggests that in robo GA285 , robo2 X123 double mutant embryos, as in slit mutant embryos, the missing md neurons do not migrate away from the midline but instead remain close to the CNS neurons near the midline. However, in one segment, the missing vmd1a neuron could not be reliably identified at the surface of the CNS. We propose that it clustered with CNS neurons and thus became undistinguishable from the many CNS neurons that also accumulate Col (Crozatier et al., 1996) . Thus, the overall phenotypic similarity between slit and robo, robo2 double mutant embryos led us to conclude that Robo1 and Robo2 act redundantly as Slit receptors to prevent the vmd1a neuron precursor cells to cross the midline.
Discussion
The earliest PNS defect in slit mutant embryos is detected at stage 12, when the precursor cells of the left and right vmd1a neurons become clustered at the midline. Then, following pIIb cell division, the pair of vmd1a neurons crosses the midline and migrates together towards the ventral md cluster on one side of the embryo. This leads to a correlated loss and duplication of vmd1a neurons on respective sides of the midline at stage 16. A similar phenotype is found in robo, robo2 double mutant embryos, indicating that Slit signals through Robo receptors to prevent vmd1a sensory cells from crossing the midline.
It should be noted, however, that whereas sensory precursor cells from left and right hemisegments contact each other at the midline in 87% of the segments in slit 2 mutants, only 58% of the segments present a defect in vmd1a neuron positioning at stage 16. Thus, sensory cells that have apparently been in contact with the ones from the contralateral hemisegment retain some ability to separate from each other and migrate in opposite directions.
Importantly, the majority of the vmd1a neurons do migrate away from the midline and reach the ventral md cluster in slit and robo, robo2 mutants. This means that Slit only seems to be important to prevent vmd1a sensory precursor cells from crossing the midline but not for directing their migration away from the midline.
In contrast to sensory cells at position 1a, sensory cells at position 1 do not cross the midline in slit mutant embryos. We do not know the molecular basis underlying this difference but our analysis of slit Df(1)H99 double mutant embryos indicates that it is not due to apoptosis in the mdsolo lineage.
Slit/Robo signalling may prevent sensory cells of the vmd1a lineage from crossing the midline via at least three distinct and non-exclusive mechanisms. First, sensory cells may be inappropriately attracted to the midline and Slit may suppress this affinity. In growth cones of Xenopus spinal axons, Slit silences the attractive effect of Netrin-1, through direct binding of the cytoplasmic domain of Robo to that of the Netrin receptor DCC when Robo is activated (Stein and Tessier-Lavigne, 2001 ). Slit may similarly silence a Netrinmediated attraction of the sensory precursor cells towards the midline. However, we observed that slit, netA, netB triple mutant embryons have a similar phenotype to the one seen in slit mutant embryos (data not shown). This indicates that Slit does not act on sensory cell migration via Netrins.
Second, midline cells may form a mechanical barrier that impedes the migration of sensory cells and Slit may be required to maintain this barrier. In slit mutant embryos, midline cells appear normal up to early stage 13 and then become displaced and disorganised (Kidd et al., 1999; Sonnenfeld and Jacobs, 1994) . Since the earliest PNS defect is observed at early stage 13 in slit mutant embryos, when the organization of midline cells appears as in wild-type, this hypothesis also seems unlikely.
A third and more attractive possibility is that Slit influences sensory cell migration at position 1a by activating Robo receptors in migrating cells. Recent data suggest that Robo receptors activate multiple parallel pathways. The tyrosine kinase Abl and its substrate Enabled have been shown to function downstream of Robo (Bashaw et al., 2000) and may act as critical effectors in regulating the dynamics of actin assembly/disassembly (Lanier and Gertler, 2000) . Robo might also affect actin assembly through its binding to Rho GTPase activating proteins (Wong et al., 2001) . Moreover, Robo/Slit may prevent sensory cells from migrating towards the midline by regulating the cell extensions observed during sensory cell migration. Long cellular protusions have also been observed from neurons migrating in the central nervous system in mouse (Yee et al., 1999) , from migrating muscle cells in chick embryo (Knight et al., 2000) and from migrating border cells in D. melanogaster egg chamber (Fulga and Rorth, 2002) . These extensions require specific DE-cadherin-mediated adhesion to form (Fulga and Rorth, 2002) . Interestingly, activation of Robo has been shown to lead to the formation of a Robo-Abl-N-cadherin protein complex (Rhee et al., 2002) . As a result, b-catenin becomes hyper-phosphorylated and dissociates from N-cadherin, thus inactivating N-cadherin-mediated traction. Similarly, during sensory cell migration, a local activation of Robo at the ventral pole of the sensory cluster may modify cell adherence at this pole by reducing cadherin-mediated adhesive contact.
Since the large majority of vmd1a neurons reach their appropriate destination in the ventral md cluster in the absence of Slit/Robo signaling, we suggest that the targeted migration of vmd1a neurons is regulated by mechanisms that do not involve Slit/Robo signaling. One hypothesis is that all ventral md neurons attract each other, perhaps via long cytoplasmic processes (see Figure 5E in Bodmer et al., 1989; Orgogozo et al., 2001 Orgogozo et al., , 2002 , thereby leading to their clustering at the centre of the semicircle. A small fraction of numb mutant hemisegments (3/23) correctly specify vmd1a but lack the vmd1 -4 neurons due to cell fate transformations. In these cases, the vmd1a neuron is properly positioned (data not shown), suggesting that its migration does not require the presence of other ventral md neurons. Alternatively, an attractive signal may be produced by cells located at the centre of the ventral region where the md neurons will cluster. Consistent with this hypothesis, we identified a group of specific subepidermal cells that weakly express the cutA3-lacZ marker from stage 12 to late stage 13 in this particular region (data not shown). The possible role of these cells in orienting the migration of the vmd neurons remains to be studied. More generally, the molecules that putatively mediate the clustering of the md neurons at this position remain to be identified.
In conclusion, our data indicate that sensory cells have the ability to cross the midline and migrate in the contralateral hemisegment during embryogenesis, which may lead to disruption of bilateral symmetry. Midlinesecreted Slit prevents this cell behaviour and thus maintains PNS bilateral symmetry during development.
Experimental procedures

Drosophila stocks
Flies were raised at 25 8C. A yw stock was used as a wildtype stock. The CutA3-LacZ line carries a transgene expressing lacZ under the control of a cut enhancer (Jack and DeLotto, 1995) . The Df(1)NP5 deficiency deletes the two netrin (net) genes netA and netB (Mitchell et al., 1996) . The slit 2 allele carries a nonsense mutation at position 3150 and is considered a null allele (Bloomington fly stock) (Battye et al., 2001 ). The single-minded (sim)-Gal4 and UAS-slit transgenes are described in Kidd et al. (1999) and Kidd et al. (1998b) . The slit 2 embryos expressing UAS-slit specifically at the ventral midline were produced from a slit 2 , sim-Gal4/Cyo, wg-lacZ; UAS-slit stock (gift from S. Kramer). The robo GA285 , robo2 X123 and robo3 1 alleles are considered null (Kidd et al., 1998a; Rajagopalan et al., 2000b; Simpson et al., 2000b) . The Df(1)H99 line carries a deletion in the 75C region that removes the reaper, hid and grim genes (Chen et al., 1996; Grether et al., 1995; White et al., 1994) . slit Df(1)H99 embryos were obtained from slit 2 /Cyo, wg-lacZ; Df(1)H99/TM6,Tb,AbdA-lacZ flies. In all experiments, homozygous mutant embryos were identified by the absence of b-galactosidase staining.
Immunostaining and microscopy
Staged embryos were fixed and stained as previously described (Orgogozo et al., 2002) . Primary antibodies were used at the following dilutions: guinea-pig anti-Senseless, 1/1500 (gift from H. Bellen), mouse anti-Cut, 1/1000 (2B10, DSHB); rabbit anti-b-galactosidase, 1/2000 (Cappel), rat anti-Elav, 1/4 (7E8A10, DSHB), rabbit anti-Collier, 1/500 (gift from A. Vincent), mouse anti-Slit, 1/10 (C555.6D, DSHB), mouse anti-Robo, 1/10 (13C9, DSHB), rabbit antiRobo2, 1/100 (gift from B. Dickson), mouse anti-Robo3, 1/10 (14C9, DSHB), rabbit anti-Prospero 1/1000 (gift from Y.-N. Jan) and rabbit anti-a-Spectrin, 1/1000 (gift from D. Kiehart), rabbit anti-phosphohistone-3 1/500 (Upstate Biotech). Images were collected on a Leica SP2 confocal microscope and processed using Photoshop software.
Figures show the maximal projection of several confocal z-sections. When necessary, the CNS signal detected in the bottom z-sections below the sensory cells was removed to better show the sensory cells in the z-projected images.
